The percentage variation of resistance of polymer thick film (PTF) resistors has been studied. Two different kinds of polymer resin, i.e., epoxy resin and polyimide resin, as well as four different kinds of carbon black are adopted in the preparations of PTF resistors. Among the four different kinds of carbon black, i.e., e45, MA-100, MA-600 and HS-500 (all trade names), HS-500 shows the least variation with temperature changes. This can be attributed to the high structure property of HS-500 carbon black. The variation will be lowered down with an increase in the loading fraction of carbon black in PTF resistors. Same tendency will be observed in both epoxy and polyimide resin PTF resistors. However, the variations are smaller in polyimide resin resistors than in epoxy resin resistors. The percentage variations of resistance of PTF resistors, after stored at 120C for 1000 hrs, or after 25 cycle thermal shock tests, or dipped in a 200C solder pot for three seconds, as well as the variations after the short term overload tests, have also been measured and studied. The variations are still smaller in polyimide resin PTF resistors. A possible explanation on this smaller variation in polyimide resin PTF resistor is also presented.
INTRODUCTION
From the previous studies of the authors, 1, 2 it is known that the mixtures of carbon black and polymer resins can be utilized as thick film resistor. Their electrical properties: such as sheet resistivity, 3, 4 TCR, and current noise, 6 have been obtained and studied. However Four different kinds of carbon black are used. In both Figure 1 and Figure 2 , the HS-500 carbon black shows the smallest variation. The reason might be attributed to the high structure property of HS-500 carbon black.
It is smallest both from 25C to 125C to 55C. In Figure 3 (a) and Figure 3( Figure 3(a) , show a direct relationshi with the oil absorption property can be taken as a measure of the structure of carbon black, lower structure carbon black, which is higher in sheet resistivity value, will show higher variation. This result is coincident with that discussed on above. The #45 carbon black in Figure 3 (b), like it is in both Figure 1 and Figure 2 , is still the only exception and will be discussed later. However, almost all other variations are negative in values, and are larger in epoxy resin PTF resistors than in polyimide resin PTF resistors. Figure 4 shows the long term resistance drift characteristics. After storing at 120C for 1000 hrs, the drift of polyimide resin PTF resistor is within + 2%, while for expoxy resin PTF resistor is within -6%. The variation of resistance is still larger in epoxy resin resistor than in polyimide resin resistor.
The PTF resistors, after dipped into a 200C solder pot for three seconds, the variations in sheet resistivity is within 1.5% for both types of PTF resistors. The samples shown in Figure 5 are of different loading fractions of carbon black. The variations are still larger in epoxy resin PTF resistors. Figure 6 In Figure 1 , when the temperature is increased from 25C, #45 resistor first showed a negative variation, then it crossed the zero-variation line and toward positive. This might be a result of competition between the Brownian motion of carbon black 1 and the thermal expansion effect of matrix resin. 11 At first, When temperature is increased from 25C, the Brownian motion of #45 carbon black is dominant, so a negative variation is observed. However, by further increasing the ambient temperature, the effect of the thermal expansion of polyimide resin will exceed that of the Brownian motion, and a positive variation is expected. The effect of thermal expansion of matrix resin will be decreased with an increase in the amount of carbon black, like that shown in Figure 2 . However, the only effect in PTF resistor, from -55C to 25C, seems to be the thermal motion of carbon blacks. 
